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. , $\cdot=d/dt$ , $x,$ $y$
$(r_{1}, r_{2})\cross \mathbb{R}$ where $-\infty\leq r_{1}<0<r_{2}\leq\infty$
. $\varphi(y),$ $g(x)$ $\mathrm{C}^{1}$- , $F(x;k)$ $x$ $\mathrm{C}^{2}$- , $k$ Cl-
,
(2) $\varphi(y)$ is strictly increasing for $y\in \mathbb{R}$ and $\varphi(0)=0$ , $\frac{d}{dy}\varphi(y)|_{y=0}>0$ ,
(3) $F(0;k)=0$ for $k>0$ , $xg(x)>0$ if $x\neq 0$
. , (1) .
$G(x)^{\mathrm{d}}=^{\mathrm{e}\mathrm{f}} \int_{0}^{x}g(\sigma)d\sigma$
, $w=G(x)\mathrm{s}\mathrm{g}\mathrm{n}x$ $G^{-1}(w)$ . , $y=\varphi^{-1}(F(x;k))$
$(s_{1}, s_{2})$ where $r_{1}\leq s_{1}<0<s_{2}\leq r_{2}$
.
Li\’enard , ([1, 2, 6] ). ,
. ,












Hoffing functional response predator-prey system . $u$ $v$
prey ( ) predator ( ) ( ) , $a,$ $D,$ $k,$ $p,$ $r,$ $\mu$




(5) $\mu>D$ and $k>\lambda_{p}$
, (4) $E^{*}(\lambda_{p}, \nu_{p})$ . Sugie
[3-5] , (4) , .
Theorem A. (4) . (5) , $E^{*}(\lambda_{p}, \nu_{p})$
(6) $(pD-(p-1)\mu)k\leq(pD-(p-2)\mu)\lambda_{p}$
.
Theorem A , (4) Li\’enard
. (4) $E^{*}$
, (6) (4) $E^{*}$
. , Li\’enard ,
.





, . , $’=d/dx$ .
109
, (iii) $F’(0;k)=0$ (iv) $F’(0;k)>0$ $g’(0)=0$ , (1)
,








. , $(\mathrm{C}_{1})-(\mathrm{C}_{3})$ ,
.
, $(\mathrm{C}_{1})$ , . ,
, . 1
1 , , (1)
.
, (C2) homoclinic trajectory . , \mbox{\boldmath $\alpha$}-
$\omega$- , homoclinic trajectory .
(1) , . homoclinic trajectory
Sugie and Hara [1] , ,
(1 $\varphi(y)=y$ . ,
. ,.
Theorem 2. (1) . $m>0$ ,
$\varphi(y)\geq my$ for $y>\mathrm{O}$ sufficiently small,
$|F(x;k)|\leq\sqrt{m}\{2\sqrt{2G(x)}-h(\sqrt{2G(x)})\}$
for $x>\mathrm{O}$ or $x<0,$ $|x|$ sufficiently small
. , $h(\sigma)$
$\frac{h(\sigma)}{\sigma}$ is non-decreasing and not greater than 2for $\sigma>0$ sufficiently small,
$\int_{0}^{\sigma_{0}}\frac{h(\sigma)}{\sigma^{2}}d\xi=\mathrm{o}\mathrm{o}$ for some $\sigma_{0}>0$
. , (1) homoclinic trajectory .
, Theorem 2 $F(x;k)$ $g(x)$ $x$ $(r_{1}, r_{2})$ ,
$(r_{1}, r_{2})\backslash \{0\}$ Lipschitz . (1)
, $F(x;k)$ $g(x)$ C ,
homoclinic trajectory .




, $(\mathrm{C}_{3})$ (1) .
, ,
. , .
Sugie and Hara [2] .
Theorem $\mathrm{B}$ (Sugie and Hara). (1) , $W= \min\{G(r_{1}), G(r_{2})\}$
.
(7) $F(G^{-1}(-w);k)\neq F(G^{-1}(w);k)$ for $0<w<W$ and $k>0$
, .
Theorem $\mathrm{B}$ , (1) ,
, $G(x)$ ,
$G^{-1}(w)$ . , (7) ,
.
Theorem C. (1) , $x$ $(F(x;k), G(x))$
, .
Theorem $\mathrm{C}$ $(F(x;k), G(x))$ . $G(x)$
$r_{1}<x<0$ , $0<x<r_{2}$ . , $G(0)=0$
, $(F(x;k), G(x))$ $r_{1}<x<0$ , $0<x<r_{2}$





$F(x;k)$ $x$ $\mathrm{C}^{2}$- , $F’(0;k)$ . 3
4 , $F’(0;k)$ . 3 $F’(0;k)$
, 4 $F’(0;k)$ .
3. ( $F’(0;k)$ )
,
(8) $\exists k^{*}>0$ $\mathrm{s}.\mathrm{t}$ . $F’(0;k^{*})=0$
. , $F’(0;k)$ $k$ ,




. , $(F(x\ovalbox{\tt\small REJECT} k), G(x))$ , $(F(x;k), G(x))$
$\Gamma(x;k)^{\mathrm{d}}=^{\mathrm{e}\mathrm{f}}\frac{F’(x\cdot k)}{g(x)},$ , $\Delta(x;k)^{\mathrm{d}}=^{\mathrm{e}\mathrm{f}}\frac{F(x,k)}{G(x)}$
.
. , $\Gamma(x;k)$ $\Delta(x;k)$ $x=0$ .
.
Theorem 4. (1) , $F’(0;k)$ $k$ , (8), (9)
. , .
(10) all solutions of (1.1) are bounded,
(11) $g’(0)>0$ ,
(12) $\Gamma(x;k^{*})$ or $\Delta(x;k^{*})$ is strictly increasing for $x\neq 0$ ,
(13) $\lim_{xarrow r_{1}}F(x;k)<\lim_{xarrow r_{2}}F(x;k)$ ,
(14) $\{$
$\frac{\partial}{\partial k}F(x;k)\geq 0$ for $r_{1}<x<0$ ,
$\frac{\partial}{\partial k}F(x;k)\leq 0$ for $0<x<r_{2}$
. , .
:[LAS] $\Leftrightarrow$ :[GAS].
Proof. [GAS] $\Rightarrow[\mathrm{L}\mathrm{A}\mathrm{S}]$ , [LAS] $\Rightarrow[\mathrm{G}\mathrm{A}\mathrm{S}]$ .
, . , $[\mathrm{L}\mathrm{A}\mathrm{S}]\Rightarrow[\mathrm{G}\mathrm{A}\mathrm{S}]$
.




$\lim_{xarrow 0}\Delta(x;k^{*})=\lim_{xarrow 0}\Gamma(x;k^{*})=\lim_{xarrow 0}\frac{F’’(x,k^{*})}{g(x)},\cdot$
.
$l= \lim_{xarrow 0}\frac{F’’(x,k^{*})}{g(x)},\cdot$







, $\Gamma(x;k^{*})$ $\Delta(x;k^{*})$ $(r_{1}, r_{2})$ . ,
(12) , $\Gamma(x;k^{*})$ $\Delta(x;k^{*})$ , $(F(x;k^{*}), G(x))$
, $(F(x;k^{*}), G(x))$ $r_{1}<x<0$ $0<x<r_{2}$ ,
$1/l$ . , $(F(x;k^{*}), G(x))$
, Theorem $\mathrm{C}$ , $k=k^{*}$ (1)
.





. (14) , $0<k<k^{*}$
(16) $F(x;k)\leq F(x;k^{*})$ for $r_{1}<x<0$ ,




$F(x_{1}; k)\leq F(x_{1}; k^{*})<F(x_{2};k^{*})\leq F(x_{2};k)$ for $0<k<k^{*}$
. , $0<k<k^{*}$ $k$ , $(F(x;k), G(x))$
. , Theorem $\mathrm{C}$ , (1 .
, $0<k\leq k^{*}$ , (1) .
(II) Theorem 1 , $g’(0)>0$ , $F’(0;k)>0$
, $F’(0;k)<0$ . , (10) (1)
. , (11) , Theorem 3 , (1) homoclinic
trajectory . (I) , 2
, $F’(0;k)=0$ , $k=k^{*}$ , (1)
.
$0<k\leq k^{*}$ $\Leftrightarrow$ $F’(0;k)\geq 0$ $\Leftrightarrow$ :[LAS]
.





3 , $\mathrm{P}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{c}\mathrm{a}\mathrm{r}\ovalbox{\tt\small REJECT}$-Bendixson , ( $\mathfrak{y}$
.
Theorem 4 , (13) , .
Theorem 5. (1) , $F’(0;k)$ $k$ , (8)$-(11)$
. ,
(18) $\Gamma(x;k^{*})$ or $\Delta(x;k^{*})$ is strictly decreasing for $x\neq 0$ ,
(19) $\lim_{xarrow r_{1}}F(x;k)>\lim_{xarrow r_{2}}F(x;k)$ ,
(20) $\{$
$\frac{\partial}{\partial k}F(x;k)\leq 0$ for $r_{1}<x<0$ ,
$\frac{\partial}{\partial k}F(x;k)\geq 0$ for $0<x<r_{2}$
. , .
:[LAS] $\Leftrightarrow$ :[GAS].
4. ( $F’(0;k)$ )
, $F’(0;k)$ . Theorem 1 , $F’(0;k)<0$
(1) ,
(21) $F’(0;k)>0$ for $k>0$
.
$H(x)^{\mathrm{d}}=^{\mathrm{e}\mathrm{f}} \lim_{karrow\infty}F(x;k)$




. Theorem 4 , . ,
$(H(x), G(x))$ Theorem 4 $(F(x;k^{*}), G(x))$ .
Theorem 6. (1 , (10), (11), (13), (14), (21), (22) .
,





(13) , Theorem 5
.
, $k^{*}=\infty$ , $(H(x), G(x))$ $1/l$
. , $0<k<\infty$ $k$ , $(F(x;k), G(x))$
. , .
Theorem 7. (1 , (10), ( ), (13), (21), (22) .
,
(24) $\overline{\Gamma}(x)$ or $\tilde{\Delta}(x)$ is non-decreasing for $x\neq 0$ ,
(25) $\{$
$\frac{\partial}{\partial k}F(x;k)>0$ for $r_{1}<$. $x<0$ ,
$\frac{\partial}{\partial k}F(x;k)<0$ for $0<x<r_{2}$
. , .
:[LAS] $\Leftrightarrow$ :[GAS].
Theorem 6 Theorem 7 , (23) (24) , (14)
(25) .
5.
(1) , homoclinic trajectory
. , (1y homoclinic
trajectory ,
.
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